The prevalence and mycopathogenic potential of Enterobacteriaceae (especially Ewingella americana) in cultivated mushrooms were studied. A total of 95 samples of Agaricus bisporus, Lentinula edodes and Pleurotus ostreatus were analyzed to quantify the Enterobacteriaceae and to identify the species isolated. The host pathogenicity test was used to verify their mycopathogenic potential. The genus Pseudomonas was also quantified, since it is the predominant bacterial group in cultivated mushrooms. The counts of Enterobacteriaceae ranged from 2.88 to 3.66 log 10 CFU g 31 , which was significantly lower than the counts of Pseudomonas spp. (4.52^7.80 log 10 CFU g 31 ). Among the 151 strains of Enterobacteriaceae isolated, 112 strains (74.2%) were classified as Ewingella americana by the API 20 E system. Other species identified were Enterobacter amnigenus bgp. 1, Enterobacter cloacae, Klebsiella terrigena, Pantoea spp. bgp. 2 and Serratia rubidaea. Only E. americana showed mycopathogenic effect, causing a browning lesion and necrosis in the center of the A. bisporus stipe. This is the first report of the isolation of E. americana from healthy cultivated button mushroom as well as from other species of cultivated mushrooms different from A. bisporus.
Introduction
Ewingella americana, a species of the Enterobacteriaceae, was ¢rst described by Grimont et al. [1] . Phenotypically it is easy to distinguish from other enterobacteria, since it is lipase and DNAase negative, Voges^Proskauer positive and arginine dihydrolase and lysine and ornithine decarboxylase negative. It produces acid from D-glucose, but fails to produce acid from L-arabinose, melibiose, ra⁄-nose, D-sorbitol or sucrose [1^3] .
E. americana is an unusual pathogenic opportunist, mainly associated with nosocomial infections. Its pathogenic potential is quite low, but its capacity to survive in inanimate media facilitates the organism's persistence in intra-hospital environments [4] . E. americana has been isolated in several di¡erent pathological processes including wounds [5] , bacteremia [6, 7] , pseudobacteremia [8] , peritonitis [9] and conjunctivitis [10, 11] . Recently, it has been isolated in the heart and spleen blood of a fatal case of the Waterhouse^Friderichsen syndrome [12] .
The ecological niche or natural source of E. americana is unknown, but it has been isolated from animals [13, 14] , carrots [15] and even vacuum-packaged meat [16] .
Inglis and Peberdy [17] isolated this enterobacterium in 93% of cultivated mushrooms (Agaricus bisporus) with a browning disorder called 'internal stipe necrosis'. Although the pathology was initially associated with colonization of £uorescent Pseudomonas, the high prevalence of E. americana and its chitinolytic activity suggested a causal e¡ect, which was con¢rmed later [18] . Several authors have recommended further studies to determine the prevalence or the association of E. americana in healthy mushrooms in order to clarify its ecology and importance as a mycopathogenic agent.
Microbiological studies in cultivated mushrooms are rare and mostly focus on pathogenic microbial agents. Therefore, most studies have been focused on Pseudomonas spp., since they are the predominant bacterial group and some are pathogenic and/or cause super¢cial spoilage of their hosts (e.g. Pseudomonas tolaasii, P. reactans, P. gingeri, P. costantinii and P. agarici) [19^21] . Nevertheless, concerning Enterobacteriaceae little is known about their prevalence and their contribution to the total microbial load of cultivated mushrooms. The aim of our study was to determine the prevalence of Enterobacteriaceae species, especially E. americana, and to verify the pathogenic potential of the strains isolated from three species of cultivated mushrooms : A. bisporus, Pleurotus ostreatus and Lentinula edodes.
Materials and methods

Samples
Ninety-¢ve samples of cultivated mushrooms (A. bisporus, n = 35; L. edodes, n = 30; and P. ostreatus, n = 30) were purchased from retail stores (supermarkets, shops, greengrocers) in Zaragoza (Spain). The samples, which originating from farms located in La Rioja (Spain), were supplied under refrigeration and packaged in polystyrene trays covered with retractable plastic ¢lm. The net weight of the packages varied between 200 and 400 g. All the samples were transported immediately to the microbiological laboratory under refrigeration (below 7 ‡C) and analyzed on arrival.
Sample preparation
Subsamples were randomly selected from each package and aseptically removed, using a £ame-sterilized knife and clamp. A sample of 50 g was weighed into sterile ¢lter stomacher bags. It was placed in 200 ml sterile 0.1% (w/ v) bu¡ered peptone-water (Oxoid, Hampshire, UK) and homogenized in a Stomacher 400 Circulator (Seward, London, UK) for 3 min at normal speed (producing a 1/5 dilution). The homogenate was serially diluted using the same diluent solution.
Microorganism counts
In order to count the number of aerobic mesophilic microorganisms, 1 ml volumes of each serial decimal dilution were pour-plated in duplicate on Plate Count Agar (PCA; Merck, Darmstadt, Germany). After incubation at 30 ‡C for 3 days, plates with 30^300 colonies were counted [22] . To count the Pseudomonas spp., 0.1 ml aliquots of each dilution were spread in duplicate on the surface of Pseudomonas CFC-selective medium (Oxoid). After incubation at 25 ‡C for 2 days, plates with 30^300 colonies were counted and the colonies with di¡erent morphological aspects were transferred to tryptone soya agar slants (TSA ; Merck), and further con¢rmed by oxidase reaction (+) and aerobic growing on Kligler agar (+) (Merck) [23] . To count the Enterobacteriaceae, 1 ml volumes from each dilution were pour-plated in duplicate using violet red bile glucose agar (VRBG; Merck) and, after mixing and solidifying, each plate was covered with a layer of the same medium. After incubation at 35 ‡C for 24 h, the plates with 15^150 characteristic colonies were counted (including pinpoint colonies), and ¢ve randomly selected typical colonies were transferred to TSA slants and further con¢rmed by oxidase reaction (3) and D-glucose fermentation (+) [24] .
Isolation and identi¢cation of Enterobacteriaceae strains
A total of 151 positive Enterobacteriaceae strains [isolated on VRBG agar, oxidase reaction (3) and D-glucose fermentation (+)] were identi¢ed using the API 20E V.4.0 system (BioMe ¤rieux, Marcy l'Etoile, France), according to the manufacturer's instructions. The numerical pro¢les obtained from the strains tested were processed using API-LAB Plus V.3.3.3 software (BioMe ¤rieux). Additional tests were carried out on each isolate: motility on motility GI medium (Difco, Detroit, MI, USA), oxidative or fermentative acid production from glucose and lactose in OF medium (Merck), and gas production from D-glucose in phenol-red broth base (Merck).
Host pathogenicity test
The test of pathogenicity to the host was performed by injecting a bu¡er-washed bacterium directly into the stipe (Inglis et al. [18] ), using healthy cultivated mushrooms. The strains belonging to the Enterobacteriaceae were recovered from A. bisporus, P. ostreatus and L. edodes. After inoculation, the mushrooms were incubated for 3 days at ambient temperature (21^23 ‡C) and examined for symptoms (stipe brown lesions). The control treatments consisted of a batch of mushrooms injected with the phosphate bu¡er solution alone.
Statistical analysis
All bacterial counts were transformed to log 10 values prior to statistical analysis. The Shapiro^Wilk normality test was applied to determine whether the data were normaly distributed. A one-way analysis of variance (AN-OVA) and Tukey's HSD were carried out to determine the statistical signi¢cance of di¡erences between mean values of the bacterial populations at a con¢dence interval of 95% (P 9 0.05). The prevalence of E. americana on di¡er-ent mushrooms was analyzed by comparing proportions using the Chi-square test. All data were analyzed with the SPSS statistical software (version 11.01 for Windows, SPSS Inc.). (Table 2 ). There were no signi¢cant di¡erences between the numbers of Enterobacteriaceae present in the three mushrooms, but the counts were signi¢cantly lower than those of aerobic mesophilic microorganisms and Pseudomonas spp. The amounts of Enterobacteriaceae in A. bisporus, P. ostreatus and L. edodes were 4.57, 1.74 and 0.91 logarithmic units less than the Pseudomonas spp., respectively.
Results
Microorganism counts
Enterobactericeae identi¢cation
The identity and distribution of Enterobacteriaceae species in the mushrooms investigated are summarized in Table 2. Diversity was quite low, since 112 of 151 strains (74.2%) were E. americana, making it the predominant species. Its percentage incidence in A. bisporus, L. edodes and P. ostreatus was 85.7%, 76.7% and 73.3%, respectively (not signi¢cantly di¡erent among mushrooms ; chisquare = 1.63, P = 0.443). In P. ostreatus was always isolated as a unique species. We also isolated 21 Table 2) .
The numerical pro¢le (API 20 V.4.0 system) predominating among the strains of E. americana was 1205101 (73%), followed by 0205101 (27%). The main phenotypical variation among the strains of E. americana was produced in the ONPG test, production of acid from lactose and mobility. All isolated strains from A. bisporus and L. edodes were ONPG positive (Table 3) , but 30% and 7% were lactose negative, respectively. On the contrary, and despite the fact that 85% of the strains from P. ostreatus were also ONPG positive, none of them could produce acid from lactose. With respect to motility, all the strains recovered from A. bisporus and L. edodes had motility at 36 ‡C, as in 80% of the strains isolated from P. ostreatus.
Host pathogenicity test
For the host pathogenicity test we used 16 strains belonging to six species of Enterobacteriaceae, called 'AB', Means within a row lacking a common superscript di¡er signi¢cantly (ANOVA followed by Tukey's test, P 6 0.05). A;B Means within a column lacking a common superscript di¡er signi¢cantly (ANOVA followed by Tukey's test, P 6 0.05). 'PO' or 'LE', according to host origin (A. bisporus, P. ostreatus and L. edodes, respectively) ( Table 4) .
Under the experimental conditions used, none of the species of Enterobacteriaceae from L. edodes or P. ostreatus was able to induce the browning disorder or necrosis in their respective hosts (¢gures not shown). However, as seen in Fig. 1 , the four strains of E. americana isolated from A. bisporus and inoculated in their stipe produced browning disorders and necrosis along the length of the inoculation point.
Discussion
Little is known about the prevalence of Enterobacteriaceae in cultivated mushrooms. Most research has focused on Pseudomonas, since they are either pathogenic agents or have a saprophytic form promoting the growth of these fruit bodies. In this study the number of Pseudomonas was quanti¢ed, since it is quite abundant in cultivated mushrooms, according to previous studies on A. bisporus [25, 26] . These authors have obtained mesophilic aerobic counts between 7.0 and 7.5 log 10 CFU g 31 and between 6.5 and 7.0 log 10 CFU g 31 for Pseudomonas spp., respectively. Doores et al. [27] also obtained total counts around 7.0 log 10 CFU g 31 . These results are slightly lower compared to the average counts in our study (mesophilic aerobic, 7.92 log 10 CFU g 31 ; Pseudomonas spp., 7.80 log 10 CFU g 31 ), possibly because the previous studies used fresh samples whereas ours were obtained commercially. Compared to the button mushroom, the microbial load in the other two species of mushrooms was signi¢cantly lower. Table 3 Biochemical and physiological characteristics of the strains of E. americana isolated according to origin This could be due to the di¡erent nature of the substrates used for cultivation : earth with manure for A. bisporus, and plant material (wood and straw) for L. edodes and P. ostreatus. Doores et al. [27] found a microbial population above 8.0 log 10 CFU g 31 in the compost used to grow button mushroom. Given the prevalence of Pseudomonas spp. in cultivated mushrooms and their ability to develop under refrigeration, they should be controlled in order to prolong the shelf-life of the fresh cultivated mushrooms.
Among the enterobacterial strains identi¢ed, E. americana was the most prevalent species. We also isolated Ent. amnigenus bgp. 1, K. terrigena, Ent. cloacae, Pantoea spp. bgp. 2, and S. rubidaea, which is normal since they are widely distributed and are often recovered from the soil, water and vegetation [2, 28] . None of these species, except E. americana, has been associated with pathologies in cultivated mushrooms.
The natural reservoir of E. americana is unknown, but it has been isolated in human clinical samples as an unusual opportunistic pathogen [1,4^7,9^12] . It has also been isolated occasionally from the intestinal contents of snails and slugs [13] , carrots [15] , vacuum-packaged meat [16] and fresh nutria carcasses [14] .
Inglis and Peberdy [17] have predominantly reported the isolation of E. americana in cultivated mushrooms, specifically in button mushroom (A. bisporus) with internal stipe necrosis, where E. americana was reported to be the pathogenic agent [18] . From the scienti¢c literature, little information is available on the isolation of E. americana, its occurrence in other species of cultivated mushrooms or its pathogenic potential.
Although the samples came from di¡erent farms, the phenotype of the E. americana strains were quite similar, as shown by the ONPG test, the production of acid from lactose and motility at 36 ‡C. This suggests a close relation between these populations, which should be con¢rmed by genetic analysis. The phenotypical and biochemical characteristics of most of the E. americana strains isolated in this work coincide with the predominant biochemical pro¢le of the strains recovered from A. bisporus [17] in snails and slugs [13] and clinical samples [1] .
According to the host pathogenicity test, the pathogenic potential of E. americana only involved A. bisporus, suggesting a certain host speci¢city. The browning and internal stipe necrosis in A. bisporus corresponds with that described by Inglis et al. [18] . These lesions have been attributed to the chitinolytic activity of E. americana [29, 30] , situated in the stipe where the chitin of the hyphae is di¡use and not well crystallized, making it more susceptible to the action of this enzyme [31] .
Our results con¢rm previous reports of Pseudomonas being the predominant bacterial £ora of mushrooms. The Enterobacteriaceae family is not of great quantitative importance concerning the microbiology of cultivated mushrooms included in this research. Nevertheless, the species E. americana, due to its frequency, appears to be part of the normal £ora of cultivated mushrooms. This is the ¢rst report on the isolation of E. americana from healthy button mushroom as well as from other species of cultivated mushrooms di¡erent from A. bisporus, indicating that this species is much more widely distributed in cultivated mushrooms or its growing environments than once thought. Further enrichment experiments are necessary to determine the primary source of this bacterium in the farm environment. 
